Introduction
In the past decennia, operations of large-scale dog breeders (ie, selling more than 20 litters a year) and merchants have been linked to higher incidences of illness and disease outbreaks in dogs compared with those of small-scale breeders, [1] [2] [3] [4] [5] [6] possibly obstructing the welfare of puppies and breeding dogs. Improvement in prophylactic treatments and immunisation might be expected due to the efforts of expert groups publishing and distributing guidelines in the last decade. [7] [8] [9] [10] However, despite available guidelines, there is evidence that applied prophylactic protocols for puppies are insufficient for good dog breeding facility management. Several authors have suggested that immunoprophylaxis against common canine viral pathogens can fail because of incorrect application, 11 insufficient immunisation 12 or interference with maternal immunity. 13 14 Endoparasite control is widely applied on a regular basis; however, routinely used formulations are not effective against Giardia species and Cystoisospora species, and high prevalences of these endoparasites are reported in breeding facilities. 15 Although there is no evidence yet, it is possible that the current endoparasite control strategies might hasten the appearance of benzimidazole resistance at dog breeding facilities, as has occurred in livestock. 16 The periparturient period is undoubtedly the period with the highest risk of disease transmission, and antimicrobial treatments (eg, amoxicillin-clavulanic acid or cephalosporins) are readily available and applied during this period. 17 18 Excessive and incorrect implementation of antimicrobials may, contrarily to their purpose, give rise to unwanted or even dangerous circumstances such as the development of drug resistance. Antimicrobial use in small animals has been identified as one of the risk factors for colonisation or infection with resistant pathogens. [19] [20] [21] [22] In analogy with other species, it is assumed that higher levels of biosecurity lead to a reduction in the need for antimicrobials and to improved animal health, thus increasing the welfare. 23 24 Biosecurity is the total of preventive measures to limit animals' and persons' exposure to disease agents. 25 External biosecurity measures are applied to limit the entrance of pathogens while internal biosecurity measures, often called biocontainment, help to control the spread of pathogens within the facility. 26 A detailed read of biosecurity measures and application in dog kennels and breeding facilities can be found in Biosecurity in animal production and veterinary medicine: from principles to practice. 27 Guidelines for biosecurity measures exist for group housing of dogs 28 and some measures (eg, duration of quarantine, use of non-porous materials, stocking density) are legally required. [29] [30] [31] [32] Unfortunately, to date, it is unclear if and how these guidelines are applied in canine breeding facilities, especially in small-scale dog breeders. Not all breeders seem to apply the same level of health management and biosecurity, likely because large-scale breeders have been associated with more disease in the past. In addition, prophylactic protocols may be insufficiently useful due to how they are applied, how breeders approach antimicrobial strategies and how they approach general management (eg, use of porous materials that are not easy to keep pathogenfree). Further examination of the above-mentioned issues can be achieved by mapping out existing health and biosecurity management in dog breeding.
Given the importance of disease prevention, the aim of this study was to investigate management, biosecurity practices and health protocols at different breeder types to be able to provide better guidance for future improvements.
Materials and methods Study design
Given the protocol Directive 2010/63/EU did not apply and no permission from an Animal Ethics Committee had to be sought. A written informed consent was obtained from all dog breeders before entry into this study. This study was designed as a stratified randomised crosssectional study.
The target population consisted of persons breeding and selling dogs in Belgium, which included puppies bred locally as well as abroad. In Belgium, seven categories of dog breeders are legally defined (table 1) and are regulated accordingly. 32 This classification results in the appellation of the occasional breeder, the hobby breeder, the professional breeder and the breeder-merchant. This classification is based on the number of litters born yearly (less or equal than or more than 10) and further subdivision in small and large categories of breeders hinges on the number of females on site (less or equal than or more than 10), respectively. All breeders except occasional breeders are subject to accreditation before being allowed to breed and sell dogs. Based on these criteria, dog breeders producing more than two litters per year are registered and receive an accreditation. Legislation states that breeders may only merchandise self-bred puppies, with the exception of breeder-merchants, who may also supply puppies from a different source, for example, puppies from other Belgian breeders or puppies originating from foreign countries.
The sampling frame consisted of a selection of accredited breeding facilities, listed by the government, and of all non-accredited breeders (producing less or equal than two litters per year) that could be identified through known sale channels such as: kennel club websites, canine breed clubs, specialised magazines, social networks and online advertisements. The inclusion criteria for both accredited and non-accredited breeders were that the breeders were actively breeding or selling dogs, that at least one adult female dog was present on site and that at least one puppy has been sold during the last two years before the visit (ie, 2014 or 2015). Randomisation of accredited dog breeders was achieved by stratified sampling from the registration database based on the Belgian classification, while aiming for an arbitrary number of breeders (n=15) for each stratum (table 1) . Randomisation of non-accredited breeders was achieved by performing a systematic random sampling (n=15) of dog breeders advertising a litter at that moment.
Data collection
All randomly selected breeders were contacted before an on-site visit to solicit their cooperation, as participation by breeders was voluntary. A response rate of 50.2 per cent was obtained. The main reasons for participation refusal were: not actively breeding anymore, participation was deemed too time-consuming, retirement was imminent or the investigator was unable to reach the breeder. Other, less common (<10 per cent) reasons reported not to participate included: no particular interest in the study, change in regulations is not welcome or the breeder and the investigator were not able to find a mutual schedule to plan a visit. Data were collected by the first author during an on-site semi-structured interview, using a checklist on all aspects relevant to biosecurity and health management and observations at the site of the breeder. The checklist was developed based on factors described in literature as well as aspects described in the current legislations. More specifically, information was collected on breeding adults, pregnant dams, litters (both self-bred and acquired), ill animals, the structure of the facility and the materials used, husbandry practices, medical treatments and breeding performance. The 544 questions (of which 142 were open questions) were pretested and further optimised based on a preliminary visit to three breeding facilities of different categories. Selling numbers, frequencies of cleaning or medical treatments were reported by the breeder and not on sanitary documents, although observations prevailed reported information when both were available. All data were collected confidentially and coded anonymously in a spreadsheet (Microsoft Excel 2011). Recruitment and data collection were performed from January to September 2016.
Data processing and statistical analysis
Before analysis, skewed continuous data (ie, dams on site, puppies born yearly) were normalised by means of a log10 transformation. Comparison of the breeder categories with regard to size (dams on site, adults on site, annual litters, yearly number of puppies sold) and implemented biosecurity measures was performed by analysis of variance (ANOVA) for continuous variables (eg, frequency of cleaning, number of animals) and Pearson's χ 2 tests for binomial variables (eg, staff employment, disinfection). Pairwise comparisons of the data for each breeder categories were performed respectively by Tukey post hoc analysis for continuous variables and by a generalised linear model with Šidák correction for binomial data. Significance level was set to 5 per cent. All statistical analyses were done with SPSS Statistics V.24 (IBM).
Results

Breeder categories
Data were obtained from 102 Belgian dog breeders. Table 1 lists the distribution for each breeder category.
Because 17.6 per cent and 2.0 per cent of the sampled breeders had more, respectively fewer dams on site than was to be expected based on their accreditation and 10.8 per cent produced more litters yearly, a great overlap was found between the Belgian categories. Therefore, it was decided to categorise the dog breeders into four categories (A, B, C and D) based on the number of dams observed on site and the number of puppies reported to be sold per year instead of what they had once declared when filling in the accreditation forms for the government. The breeders ranked into the new category showed more similarities (lower intracategory variability and higher intercategory variability) than when ranked into the Belgian categories. The authors decided to keep certain names (such as occasional) because they will have a meaning even without knowing the Belgian classification.
Breeder category A
Breeder category A is composed of dog breeding facilities limited in size, with less or equal to nine dams on site at the moment of the visit. It is called the category of occasional dog breeders. Breeders from category A included all the Belgian legally recognised categories (occasional breeders, hobby breeders, professional breeders and breeder-merchants) with the exception of large breeder-merchants.
Breeder category B
Breeder category B is composed of dog breeding facilities with 10-50 dams on site. This category is called the occupational dog breeders. Breeders from category B included all legally recognised categories.
Breeder category C Breeder category C is composed of commercial breeding facilities, organised with the purpose of achieving commercial goals and at a scale of 51 or more dams on site. This category is called the commercial dog breeders. Breeders from category C included only large professional breeders and large breeder-merchants.
Breeder category D
Breeder category D includes merchants with a smallscale breeding facility (≤50 dams on site), selling ≥500 puppies a year for commercial goals. This category is called the dog merchants. Breeders from category D included only breeder-merchants.
Both categories A and B are considered in this article as small-scale breeders while categories C and D are considered as large-scale breeders. Table 2 depicts a comparison of the different breeder categories regarding the category defining variables (ie, the observed number of dams on site and number of puppies sold per year as reported by the breeder).
General management at the different breeder categories
Of all breeders, 46.9 per cent consisted of a family environment where under-aged children (<16 years) were involved in the daily husbandry practices. Adult breeding animals were mainly kept in pairs or in groups (94.8 per cent), leaving individual housing less common among breeders. On average, pregnant females were isolated after 7.2 (SD 1.1) weeks of pregnancy; no significant differences between breeder categories were found. Table 3 depicts a comparison of the different breeder categories regarding staff employment and additional size-related variables (ie, the observed number of adult male dogs on site and the number of puppies born as reported by the breeder). A comparison of the different breeder categories  regarding external biosecurity measures is depicted in  table 4 . On average, breeders renewed 11.4 per cent of the adult dogs annually. Limiting the acquisition of breeding dogs to only one supplier was recorded for 5.9 per cent of breeders. More large-scale breeders quarantined (ie, isolated for at least 48 hours) newly acquired breeding dogs compared with small-scale breeders (p<0.01), but all dog merchants reported to quarantine acquired puppies for at least 5 days (as legally defined) unless decided otherwise by the contracting veterinarian. Of all the breeders that declared to quarantine newly acquired dogs (n=25 of 102), adequate quarantine procedures (ie, providing complete segregation in a dedicated room) were observed on site in 72.0 per cent. Only one breeder declared to quarantine dogs after exhibitions.
External biosecurity measures at the different breeder types
Pest prevention (ie, control of rodents, wildlife and birds) was found to be higher for commercial breeders compared with occasional and occupational breeders (p<0.01).
Movements of dogs were defined by the number of times that a breeder declares to take his dog or her dog out of the facility (outwards) in order to have contact with stranger dogs, or to accept stranger dogs into the breeding facility (inwards). Both inward (ie, for boarding or mating) and outward (ie, going to exhibitions, external mating) movements of dogs in general were requested for each breeding facility, as declared by the breeder. Movements of short durations or in the immediate neighbourhood of the facility (ie, going for a walk) were not considered.
Regarding the inward movements, commercial breeders were found to accept dogs from external sources significantly more often than small-scale breeders (p<0.01) and slightly more often than dog merchants (p=0.05). No complete segregation of incoming strange dogs was recorded in 25 out of 36 breeders that declared to accept strange dogs. For these cases, we recorded shared rooms/outdoors, shared staff or shared equipment (ie, without any sanitary measure in-between), and sometimes no segregation at all. While 33.3 per cent of all breeders declared to perform outward movements with their dogs, smallscale breeders exposed their dogs significantly more (p<0.01) to external contacts by outward movements than large-scale breeders. Overall, 2.0 per cent of the visited breeders reported to limit the contact through mating by applying artificial insemination.
Non-regulated access of visitors to the maternity ward (p<0.01) and the nursery (p<0.01) was significantly higher at small-scale breeders. Two per cent of the visited breeders applied hygienic measures for vehicles (eg, cleaning and disinfecting before entering or after leaving the facility, or restricting access to a dedicated path: a 'dirty road'). Four breeders were familiar with the concept of clean and dirty road and all-in/all-out management; however, none of them applied the measures.
Internal biosecurity measures at the different breeder categories Table 5 depicts a comparison of the breeder categories regarding internal biosecurity measures across the facility. Visitation of the various infrastructures revealed a heterogeneity in the housing of dogs, ranging from private houses, garden sheds, outdoor kennels, old livestock stables, outdoor pens and more traditional pet-store setups with glass walls. No significant differences were found in the choice of flooring (eg, grass, concrete, gravel, etc) for the outdoor areas.
All visited breeders applied the following physical compartmentalisation at their facility: adult dogs (for breeding males and females that are not yet isolated if pregnant or not kept with puppies anymore), maternity ward (when pregnant dams are separated from the adults for whelping and stay there with puppies until weaning) and nursery (only for puppies that are not sold yet). The presence of a sick-bay, allowing the segregation of diseased animals, was mainly observed in large-scale breeders (p<0.01). Retired dogs (dogs without a breeding purpose, ie, retired dams and sires) were kept by 47.1 per cent of all breeders. All commercial breeders declared to keep retired dogs.
Additional compartmentalisations recorded were: a quarantine area (observed in 18.0 per cent of all breeders) and a showroom (observed in 13.7 per cent of all breeders). In a showroom, breeders can present the pups that are born on site or, in the case of merchants, originate from other breeders to potential owners. No facility included a hygiene lock, a separate room for applying hygienic measures such as changing clothes and footwear before entering a compartment of the animal facilities.
The presence of porous materials (ie, uncoated softwood and hardboard, natural stone, unsealed concrete, soil) was assessed in each compartment, and also for the whelping box (a confined space where the dam is kept whelping and nursing during). Porous materials were least used by merchants in the compartment of the adult dogs and by commercial breeders in the nursery.
Overall, ventilation and humidity were mechanically regulated in 12.5 per cent and 3.9 per cent of the breeding facilities, respectively. With regard to cleaning of the facility (ie, removing waste and medium), both dry cleaning, on average 20.6 times a week (SD 11.0), and wet cleaning on average 6.6 (SD 4.8) times a week, were applied broadly across all breeder categories. With regard to disinfection (ie, killing most of pathogens), 31.4 per cent of all breeders applied disinfection preceded by cleaning regularly in the maternity ward and in the nursery. Disinfection across all compartments was applied most by commercial breeders and merchants. While investigating the disinfectants used, 19 breeders stated that they were not confident with their choice or would like guidelines or a course to gain knowledge. The main reasons given to choose a disinfectant were: previous experiences, recommended by another breeder or readily accessible (ie, sodium hypochlorite solution). No significant differences between type of breeders were found in providing outside access to adult dogs, although differences appeared when considering if outdoor access was free or regulated. Table 6 lists the reported hygienic measures for each breeder category applied at the different compartments (the adult dogs, the maternity ward and the nursery). Systematically applied hygienic measures included measures that the breeders declared to always perform, such as hand hygiene (ie, washing hands, wearing gloves), footwear hygiene (ie, cleaning shoes, wearing boot covers, using dedicated shoes) and the wear of dedicated clothing (wearing clothes specific to a compartment or wearing a disposable coverall).
Over all compartments, most hygienic measures were applied by large-scale breeders. In any given compartment, the use of porous materials was associated with the absence of systematically applied hygienic measures (p<0.01) and the absence of disinfection (p=0.03).
Medical treatments at the different breeder categories
Prophylactic treatments such as vaccination and endoparasite control were widely adopted across all categories (table 7) . Out of all sampled breeders, 13.8 per cent responded that they systematically administered antimicrobials to females after parturition (in the maternity ward) and 10.3 per cent of them responded that they systematically administered antimicrobials to all their puppies, or at least to puppies of one breed (in the nursery). Of all the identified types of antimicrobials in the maternity ward (for females after parturition) (n=10), the most commonly used were amoxicilin-clavulinic acid (n=6), followed by trimethoprim-sulphonamide (n=2) and amoxicillin (n=2). Of all the identified types of antimicrobials in the nursery (for puppies) (n=8), the most commonly used are metronidazole-spiramycin (n=6), erythromycin (n=1) and amoxicillin-clavulanic acid (n=1). The metronidazole-spiramycin formulation (Stomorgyl, Merial) was systematically administered (the breeder declared to always treat) in response to intermittent intestinal signs. Underlying giardiasis was assumed based on similarities with previous outbreaks, but was not individually tested through microscopic examination or laboratory findings.
Discussion
To the best of our knowledge, this is the first study investigating the facility management, the applied biosecurity measures and the prophylactic protocols in different categories of dog breeding facilities. Stratified sampling provided an overview of all breeder categories. Although selection bias in our study was limited by random sampling of the accredited breeders, it remains noteworthy that participation was based on willingness to collaborate. Because of the acceptable response rate of breeders and the main reasons given not to participate, a limited enrolment bias is expected. Not all data could be verified on site, for example, how often a breeder provides outdoor access, the cleaning frequency or the systemic administration of therapeutics. Also, the applied biosecurity measures were not put into relation to the disease incidence or mortality, and more research including measuring these parameters would enable some more firm conclusions to be reached. Nonetheless, we believe that the collected information provides a good insight into the level of application of biosecurity measures in the different dog breeder categories. A general approach was chosen in order to assess all factors possibly influencing the biosecurity in dog breeding facilities without compromising time and financial limitations. More in-depth research of specific measures would be deemed profitable.
Considering the fact that larger breeding facilities are more likely to face disease outbreaks, 6 33 consistent and correct implementation of biosecurity measures should be a fundamental element of large-scale breeder management. More external interaction and sources result in a higher risk of introduction of pathogens. For instance, acquisition of new animals can result in the introduction of pathogens into the breeding facility. 26 The interview with the breeders revealed anecdotal reports of a '20 per cent renewing rule', meaning that a breeder replaces 20 per cent of breeding dogs every year. While a handful of breeders stuck to this empirical rule, lower figures were reported for most breeder categories.
Historically, quarantine has been an effective method to limit the introduction of diseases in a confined area by performing the segregation of animals. 34 The importance of quarantine in canine facilities has also been recognised by several authors. [35] [36] [37] [38] Quarantine limits the introduction of disease through direct transmission; however, indirect transmission should not be overlooked. Visitors, rodents, birds, wildlife, vehicles, food and water are, in analogy to other species, 39 40 potential canine disease transmitters. [41] [42] [43] [44] [45] In this study, implementation of quarantine, a compulsory measure for all merchants when gathering and selling dogs of different origins, was significantly higher in large-scale breeders. The legislative minimum duration of quarantine of five days, however, does not cover the incubation period for several important pathogens such as Bordetella bronchiseptica and canine parainfluenza virus (4-6 days), or canine parvovirus (3-7 days), canine infectious hepatitis (4-9 days) and canine herpesvirus (6-10 days). [46] [47] [48] [49] Arguably, it would be better to implement quarantine for a minimum duration of the longest incubation period of the most common pathogen, resulting in a minimal advised duration of 10 days. However, when it concerns young dogs, the psychological wellbeing and socialisation of the animal might be compromised during the segregation, and should be taken into account.
This study showed that the inward movements (ie, purchase, exchange and boarding) of puppies and adult dogs is a common practice at most dog breeders. Additionally, the number of breeders that reported to board external dogs (ie, for mating purposes or as a boarding service) was surprisingly high. Since boarding kennels are a challenging environment for biocontainment, 50 51 these circumstances could facilitate the spread of pathogens to the breeding facility and should therefore always be avoided, especially by commercial breeders. The number of outward movements of dogs was reasonably high in the breeder sample, with some occasional breeders having over 40 outward movements per year for one or more dogs. These numbers were partly caused by external mating (33.3 per cent of all breeders), and were also expected to be relatively high since the importance of increasing the genetic diversity in bloodlines by outbreeding has been established. 52 A second explanation is the large number of exhibitions that dogs are required to participate in order to be allowed in the book of origins. High rates of outward movement, however, should be considered a risk for pathogen transmission, especially during canine exhibitions, since a large number of dogs and visitors from different origins are gathered. Outbreaks in canine exhibitions have been reported, 53 resulting from both direct transmission through the dogs as well as indirect transmission through visitors, who often share intense contact with other canine populations. 54 55 Prevention of disease can be further achieved through cleaning and disinfection. Physical cleaning (dry and wet) is the removal of waste and organic materials. Cleaning does not kill pathogens but removes most of the medium. Disinfection is the process of reducing the number of pathogens. 56 Protocols including dry and wet cleaning were largely implemented, especially the regular removal of organic material; however, improvements can be made considering disinfection. In small-scale breeders, the use and knowledge of disinfection were relatively moderate. The choice of disinfectant products and their application was based on habits or empirical knowledge. Since disinfection is the keystone for control of environmentally resistant pathogens, 57 improvement in the education of dog breeders and implementation of category-adjusted hygiene guidelines could increase the awareness and application of disinfection across all dog breeder categories.
The periparturient period has been proven as the period with the highest risk of morbidity and mortality for puppies and dams, and particular hygiene should be introduced when isolating the dams and during the first weeks of the puppies' lives. 58 59 Although measures are more often applied in large-scale breeders, a substantial number of breeders across all categories could improve the periparturient hygiene. The relatively frequent use of porous materials in the maternity ward (in particular for the whelping box) reveals an absence of knowledge in the cleaning and disinfection of surfaces rather than an absence of awareness in the importance of it. Porous materials were least used in the maternity ward by the dog breeders who applied most hygienic measures in the maternity ward and performed disinfection more frequently. This may suggest that breeders who are more aware of biosecurity are also better informed about the choice of surfaces.
The data recorded on antimicrobial use are in agreement with earlier reports of misuse of antimicrobials in Italian canine breeding facilities. 22 60 Moreover, these data might well be an underestimate as they are based on self-reporting. Resistance to broader spectrum antimicrobials (ie, amoxicillin-clavulanic acid) in Escherichia coli isolates 61 is a phenomenon that could be partially explained by excessive and incorrect implementation of this drug. This is worrying since shedding of E coli by the pregnant bitch increases during the periparturient period 58 and has been reported as the most frequent isolate in postpartum mortality of puppies. 62 This study supports the suspicion that systemic administration of antimicrobials is regularly based on assumptions, earlier experiences or empirical knowledge, rather than on clinical diagnoses.
Conclusions
Data collected during this study demonstrated that large-scale breeders are associated with a higher implementation of biosecurity measures. However, substantial improvements of internal and external biosecurity measures are desirable in all categories. To be efficacious and feasible, these measures should be tailored to the different categories of breeders. The characterisation of the different types of dog breeders and their biosecurity and management practices in this study are a first step towards tailored recommendations, but the relative paucity in scientific literature calls for more research in the field of management of canine facilities, with the emphasis on prevention of introduction and spread of disease, while taking into account behavioural development and wellbeing of breeding stock puppies to be sold.
